Objective: To describe outcomes from intervention and dissemination of iCook 4-H. Design: Five-state, community-based participatory research and a randomized, controlled trial followed by a 5-state, nonrandomized dissemination test of the iCook 4-H curriculum with control and treatment groups. Setting: Community and university sites. Participants: Youths aged 9−10 years and their adult food preparer; 228 dyads in the intervention and 74 dyads in dissemination. Intervention(s): Theoretical frameworks were Social Cognitive Theory and the experiential 4-H learning model. Six 2-hour, biweekly sessions on cooking, eating, and playing together followed by monthly newsletters and boosters until 24 months, expanded to 8 sessions for dissemination. Main Outcome Measure(s): Youth body mass index (BMI) z-scores, measured height and weight, and youth/adult program outcome evaluations surveys. Analysis: Linear mixed models, group, time, and group £ time interaction for BMI z-score and program outcomes changes. Significance levels = P ≤ .05; interaction term significance = P ≤ .10. Results: In intervention, treatment BMI z-scores increased compared with controls based on significant interaction (P = .04). For odds of being overweight or obese at 24 months, there was no significant interaction (P = .18). In dissemination, based on significant interaction, treatment youths increased cooking skills (P = .03) and treatment adults increased cooking together (P = .08) and eating together (P = .08) compared with controls. Conclusions and Implications: iCook 4-H program outcomes were positive for mealtime activities of cooking and eating together. The program can be successfully implemented by community educators. The increase in BMI z-scores needs further evaluation for youths in cooking programs.
INTRODUCTION
iCook 4-H is an out-of-school program for 9-and 10-year-old youths and their main adult food preparer to cook, eat, and play together for healthful lifestyles. The obesity prevention program was prepared for broad dissemination using a community-based participatory research (CBPR) approach over 6 years of study. A CBPR partnership of researchers, Cooperative Extension faculty including 4-H staff, students, stakeholders, and members of the target population collaborated to increase the likelihood of effective program design, implementation, evaluation, and sustainability. 1−3 In CBPR, community members are recognized for their knowledge and expertise as they team with academic researchers to accomplish their work. Both the process of working together and the outcome of the project are emphasized in CBPR. 4−6 For programs to be successfully disseminated, it is critical for researchers to work in partnership with community members. 7 For the current study, the integration of researchers and Extension personnel offered an existing system for youth programming implementation and sustainability. 8, 9 4-H is the largest youth development organization in the US; it reaches almost 6 million youths with a focus on intentional engagement with adult role models and experiential learning on citizenship, science, and healthy living. This learn by doing approach 10 and the Social Cognitive Theory (SCT) 11 were the frameworks for building family togetherness and reciprocal role modeling into a program for developing cooking skills, increasing and enhancing family mealtime, and being physically active. The dyad model was used because parents and other caretakers have significant roles in fostering choices youths make and the behavior they model. 12 It has been almost a decade since the White House Task Force on Childhood Obesity recommended educating children about the importance of nutrition and encouraging families to be active to solve "the problem of childhood obesity within a generation." 13 Yet, Skinner et al 14 found no decline in obesity prevalence in any age group based on the National Health and Nutrition Examination Survey, 1999−2014. Although healthful behavior developed during youth can lead to positive habits for a lifetime, 15−17 navigating the complex food environment, lacking kitchen skills and confidence, and feeling challenged by competing demands on time can synergistically build barriers to home cooking and food preparation. 18−20 In this article, the objective was to describe the 5-state iCook 4-H Study outcomes from the intervention phase (Intervention Study) and dissemination phase (Dissemination Study). Although control and treatment intervention study designs were used in both studies, the Intervention Study was a randomized, controlled trial whereas the Dissemination Study was not randomized. The Dissemination Study was defined as a test of the 8-session iCook 4-H curriculum 21 in the natural or practice environment with minimal researcher intervention and funding. The overall aim of the iCook 4-H Study was to increase cooking competence, family mealtimes, and physical activity of youths to have an impact on the incidence of childhood obesity.
METHODS
The iCook 4-H Study was conducted in 5 states and was composed of a 2-year Intervention Study and 4-month Dissemination Study. Participants were family dyads of 9-and 10-year-old youths and the adults who were the main food preparers. As depicted in Figure 1 , both the intervention and dissemination were pilot-tested in a treatment-only design with 53 dyads in the pilot intervention and 27 dyads in the pilot dissemination before each respective study phase was implemented. In the Intervention Study (n = 228 dyads at 0), assessments were conducted at 0, 4, 12, and 24 months and included both research measurements (ie, physical measurements, surveys) and program outcome evaluations (ie, curriculum evaluations). The intervention was a curriculum of 6 2-hour, biweekly sessions. In the Dissemination Study, program outcome evaluations were conducted at 0 and 4 months with 74 youths and 76 adults. The intervention was an expanded curriculum of 8 2-hour, biweekly sessions. The CBPR collaborators for the iCook 4-H Study were from the 5 states of Maine, Nebraska, South Dakota, Tennessee, and West Virginia. Study hypotheses are listed in Table 1 . The institutional review board committees for the protection of human subjects at the 5 state universities approved the 6-year study. At each study phase, adults provided written consent and youths provided assent for participation. Photo release permission from adults and youths were also provided.
Use of CBPR to Accomplish iCook 4-H Study
The researchers used CBPR as the structure for the iCook 4-H Study.
1−7 A systematic approach was undertaken to aid communication and coordination across the 5 states. Drawing on the strengths of the team, and in keeping with the CBPR process, each major study component (eg, recruitment, curriculum development, measurement and evaluation) was managed by subcommittees of investigators, which included Cooperative Extension nutrition specialists; students; experts in family development and exercise science; and community partners, who were primarily county Extension educators and 4-H staff. Training responsibilities were dispersed among all team members with the goals of shared responsibility and building on the strengths of all partners. Research teams of graduate and undergraduate students were recruited with the intent that they would be part of the study for as long as they were in school. The student management team included an overall study administrator with a campus coordinator at each university. Extension researchers recruited county leaders to lead iCook programs. All personnel were part of the CBPR iCook team; most participated in the monthly administrative conference calls and helped to draft, edit, and review study materials (eg, study manual, guides for leaders and participants, recruitment materials, surveys) and outputs (eg, curriculum, abstracts, manuscripts) using cyclical and iterative processes throughout the 6 years. Trainings on research protocols, which included both didactic and practice sessions, were conducted across and within states using the detailed study manual. Trainings, including on the curriculum, were conducted through webinars, videos, in-state face-to-face meetings, and annual 5-state face-toface meetings. Checklists were used to ensure completion of activities in a timely manner. In the early years of the project, interstate and intrastate advisory committees composed of stakeholders and target dyads provided input into session design. The strengths and resources of community educators, stakeholders, and target population members were Pilot tests solely with treatment groups of each study were conducted. Participants were youths and their adult primary meal preparer. Numbers represent dyads at 0 months of each study. Control participants completed only assessments. Intervention Study treatment participants completed a 6-session iCook 4-H curriculum with follow-up newsletters and booster sessions. Dissemination Study treatment participants completed the expanded 8-session iCook 4-H curriculum. Research and program evaluation assessments were completed for the Intervention Study. Program evaluation assessments were completed for the Dissemination Study. During the final years of the iCook 4-H Study, the curriculum was prepared for dissemination through the National 4-H Mall. Hypothesis 1: Over 24 mo, will the change in BMI z-scores for treatment youths be significantly different from that of the control youth? Hypothesis 2: At 24 mo, for youths who were initially at a healthy BMI, will the odds of being at a healthy BMI for treatment youths be significantly different from the odds for control youths? Hypothesis 3: At 24 mo, will the odds of staying the same or improving BMI category for treatment youths be significantly different from the odds for the control youths? Hypothesis 4: Over 24 mo, will the change in selected dietary components for treatment youths be significantly different from that of the control youths?
Intervention Study: Program Evaluation Hypotheses
Hypothesis 5: Over 4 mo, will the change in the youth and adult program outcome evaluations for the treatment group be significantly different from that of the control group? Hypothesis 6: Over 24 mo, will the change in the youth and adult program outcome evaluations for the treatment group be different from that of the control group?
realized in the development of an iCook 4-H program that could be disseminated and sustainable at the end of the 6 years.
Intervention Study: 2013−2015
The Intervention Study was a 2-year, randomized, controlled trial with assessments at 0, 4, 12, and 24 months across the 5 states (Figure 1 Assessments were conducted at months 0, 4, 12, and 24. Numbers in the control and treatment dyads flow are based on youths with body mass index data at each month assessment. For the flow of youths with accelerometers, numbers are based on youths who wore accelerometers for 7 days at each assessment period and had reportable data. Only youths who wore accelerometers at 0 months were provided with accelerometers at other periods.
findings in a previous study with lowincome young adults. 26 Clustering owing to state was not considered in the initial power analysis. To assess the feasibility of ignoring state-based clustering, the researchers fit a mixed model using observed BMI data over all 4 time points to estimate the variance of a random intercept for state. This model was fit using functionality in the Ime4 27 package of R (version 3.4, R Core Team, Vienna, Austria, 2017). According to the precision offered by the software, the state random effect variance was estimated to be 0. Based on likelihood ratio test results, there was no significant improvement gained by adding a random effect caused by state to a mixed model without state (≤1). Taken together, these results suggested that state-based clustering effects could be ignored.
Recruitment occurred at youth-oriented organizations and clubs, schools and home schools, town halls, churches, pediatrician offices, grocery stores, 4-H and other Extension e-mail listservs, demonstrations at fairs and day camps, and news releases and other media outlets. Model flyers, media scripts, and letters to community organizations were used across states. Recruited adults received phone calls from researchers to confirm study eligibility, review the consent form, and set appointment times for assessments. To assign dyads to control or treatment groups at each state, a random numbers table 28 was generated to determine whether a dyad was in the control or treatment group. With about a month of the time left of recruitment, the researchers determined that states were going to fall short of their intended 100 dyads, so in consultation with the statistician, the team decided to use a 1:2 control to treatment randomization to have more treatment than control study participants in the Intervention Study.
Intervention Study research outcome assessments. Research assessments for youths and adults are presented in Table 1 . At each assessment period, physical measurements were taken in private settings and secure online surveys were completed using computers or laptops provided by the researchers or participants' personal tablets. Questionnaires were uploaded into an online software program (Qualtrics. com, Qualtrics, Provo, UT, 2013) hosted on a secure server. State campus coordinators were trained and verified on standard anthropometric measurement techniques by the project coordinator. Within each state, student researchers were trained on all protocols and approved to conduct physical asssessments when they met an interobserver reliability of ˃0.80%. Physical assessment measures were collected on hard copy forms designed for data collection and verified at each of the 4 assessment periods. Data were entered into an online database, verified by a second researcher by double checking all online entries against the original hard copy data, and submitted for centralized data analyses. The researchers and members of the target population pretested the total assessment survey before administration.
Youths and adults were assessed at 0, 4, 12, and 24 months (Figure 2 ). Youth assessments were anthropometrics, 14, 29, 30 Tanner stage for maturation, 31−33 blood pressure, 34−36 and survey measurements for dietary intake, 37 physical activity, 38 and quality of life. 39 Adult assessments were multiple surveys ( Table 2) .
40−48
Assessments took about 45 minutes to complete. In addition, 155 youths (68% of the sample) were fitted with accelerometers (GT3X+, ActiGraph, LLC, Pensacola, FL) at 0 months; if these same youths continued in the study, they wore the monitors for 7 consecutive days at each time point. 49 Intervention Study procedures. The treatment group participated in a curriculum 21 that was composed of 6 2-hour, biweekly sessions on cooking, eating, and playing together, called iCook 4-H. Dyads received $10 (for a maximum of $60) at each of the 6 sessions they attended, to support intervention-specific costs (eg, travel or food purchases); youths were also given video cameras to record athome cooking, eating, and playing activities (unpublished data, S.E. Colby, PhD, RD, 2018). Each of the 6 sessions included time for youth −adult dyads to cook, eat, be physically active, model mealtime communication, and set goals for healthful lifestyles. MyPlate 50 was the focus for selecting recipes and meal planning; components of existing 4-H curricula (Fast Foods! 51 and Youth in Motion 52 ) were modified for the intervention. The CBPR approach was used to gather feedback about the curriculum from stakeholders, session leaders, and the target population. Youths were asked to post videos a minimum of twice per week between sessions on a password-protected website. The website was developed and maintained specifically for the study in a social media−style format for participants to share videos, photos, and conversation about families cooking, eating, and playing together. The SCT 11 was operationalized by providing observational learning, reciprocal role modeling between adults and youths, and self-efficacy development and by implementing the 4-H youth development approach of working in partnership with adults in experiential learning. 53 After the 12-week face-to-face sessions, booster sessions, mailed monthly newsletters, and website challenges were used to continue engagement with the treatment group for the remainder of the 2-year study. Within each state, 3 booster sessions were held about every 6 months with state-specific activities to encourage the theme of cooking, eating, and playing together. Weekly food and monthly physical activity challenges were posted on the website and drawings were held for monetary rewards for meeting the challenges of such things as eating low-fat dairy foods at least 1 meal/d over a week's time and performing increasing numbers of jumping jacks over a month. The newsletters contained health-related content reflecting the website material.
Intervention Study program outcome evaluation. Measures of program outcome evaluation were developed de novo and with existing resources 54,55 for the iCook 4-H program. The researchers used a 3-pronged approach 56 for program evaluation, which included program outcome evaluation, 57 process evaluation, and fidelity of implementation. Process evaluation and fidelity of implementation were addressed in another article about the curriculum. 21 To test for fidelity, 25% of the sessions were planned for assessment (40 classes £ 6 sessions per class = 240 £ 0.25 = 60 sessions). This percentage was based on both consultation with evaluation experts and the number that seemed feasible. To accomplish 60 total evaluations, 10 sessions/state were to be evaluated and a grid was developed so that all sessions would be tested in a scheduled design across the 5 states. The program outcome evaluation included pre-post instruments for both youths and adults to measure cooking, eating, and playing together. They were designed with Likert-style questions and administered online with the research surveys. Whereas the initial items were used throughout the 2-year intervention, preliminary psychometric testing occurred during the intervention phase 56 and continued throughout the 6-year study, culminating in instruments that were tested for dimensionality, reliability, and validity in preparation for accompanying the iCook 4-H curriculum when distributed nationally. 57 The finalized instruments were used to obtain program evaluation outcomes. The youth instrument was 23 items (score range, 23−115) and the adult instrument was 11 items (score range, 11 −55). The youth instrument was composed of cooking skills (7 items; a = .77), openness to new foods (3 items; a = .79), and culinary self-efficacy (6 items; a = .83), with additional items retained because of their importance to the curriculum, including 2 items on eating together as a family, 3 on physical activity, and 2 on goal setting. The adult tool was composed of cooking together (5 items; a = .62), eating together (3 items; a = .79), and physical activity (3 items; a = .59). Although Cronbach a's were lower for 2 of the scales than the desired .7 for good internal consistency, 58, 59 there was evidence for the other psychometric characteristics of adequate dimensionality and validity, as detailed in the article by Mathews et al. 57 
Test of Dissemination: Fall, 2015
Dissemination Study design, recruitment, and protocols. The 5-state Dissemination Study was conducted in fall, 2015 with the goal of testing the iCook 4-H program in practice settings, as it would occur without research funding and researcher involvement. It was a nonrandomized design for control and treatment groups with online pre-post assessments and minimal researcher involvement. In preparation for the dissemination, 2 sessions were added to the iCook 4-H curriculum to allow for increased time for practicing culinary skills, performing physical activities, and using the website, which was necessary content expressed by previous program leaders, 21, 49 as well as conducting pre-post assessments, which had been included during separate research assessment days for the Intervention Study. As depicted in Figure 1 , the Dissemination Study was composed of the iCook 4-H 8-session curriculum.
Extension partners and researchers recruited 21 community educators to be program leaders for the iCook 4-H program and 12 formally completed the sessions, which yielded data for 12 programs. The 9 educators who did not complete the program, because of intervening priorities or low program initial enrollment, were from 4 of the 5 states. The iCook 4-H staff of researchers and partners provided resources, study protocols, and training for program Sessions were held in a variety of locations identified by researchers and Extension staff and included university campuses, Extension county offices, schools, and community centers with adequate cooking and technology accommodations. Stipends of $10 were given to control and treatment youths and adults at each of the 2 pre-post assessment periods for a total of $40 maximum/dyad. Video cameras were offered to treatment youths; however, some youths preferred to use their own technology (i.e., smartphones or tablets).
Dissemination program outcome evaluation. The 3-pronged approach 56 to program evaluation was used during the dissemination phase, the program outcome evaluation, 57 process evaluation, and fidelity of implementation. Program outcome evaluations, which were conducted on a secure online platform (Qualtrics, 2013) at 0 and 4 months, were the 23-item youth and 11-item adult instruments developed and designed to be completed in 10 −12 minutes. Program leaders identified observers to complete fidelity of implementation evaluations independently. Existing forms were modified from 6 to 8 sessions and implemented in 25% of sessions, according to the Intervention Study protocols. 56 Structural (eg, objectives, timing) and instructional components (eg, dyad engagement; leader effectiveness) were assessed. 61 Of the 96 total planned sessions (8 sessions/program £ 12 programs), 24 were identified for fidelity testing. Online process evaluation, completed at the end of the sessions by youths, adults, and leaders, were used for program monitoring; they were provided to leaders upon request and were used for curriculum revisions. 21 
Statistical Analyses
Summary statistics were obtained at all points for the Intervention and Dissemination studies. The researchers assessed differences between control and treatment groups at 0 months using 2-sample t tests for continuous variables and chi-square tests of independence for categorical data. Nonparametric versions of these tests (Wilcoxon rank sum test and Fisher exact test, respectively) were used when there were violations in assumptions.
Linear mixed models and logistic mixed models were used to estimate treatment effects over time using R (version 3.4, R Core Team, Vienna, Austria, 2017) and utilities in the Ime4 27 and ImerTest 62 packages. Fixed effects included group, time, and the group £ time interaction. Random effects included random intercepts and time slopes for individual youths. Ordinary logistics regression was used to fit models with nonlongitudinal dichotomous outcomes. Model fit was assessed using residuals plots appropriate to the nature of outcome variables. 63 The researchers employed likelihood ratio tests to determine whether adding the group £ time interaction offered an improvement over the reduced model with no interaction. P = .10 was used to assess the significance of the interaction to improve power, as described by Selvin. 64 Post hoc contrasts of within-group changes for significant interactions were done using tools in the multcomp 65 R package (R Core Team). Effect sizes for linear mixed-model interactions were calculated using a mixed-model variation of Cohen's d 66, 67 given by Westfall et al 68 and interpreted in a similar manner (eg, 0.2 is a small effect). Odds ratios were reported as the effect size for logistic models.
Two strategies were used to account for missing data in the Intervention Study. The first consisted of adjusting the group £ time interaction model with BMI z-score as the outcome by fitting several combinations of demographic and socioeconomic covariates, assuming a missing at random mechanism for missing values. 69 To compare these non-nested models, an information criterion approach was used for model selection, 70 using marginal Akaike information criteria and marginal Bayesian information criteria (BIC), a more conservative approach. 71 Covariates, adult marital status, adult use of government assistance programs, and youth race were determined by the lowest marginal Akaike information criteria and low marginal BIC. Although only use of government programs and youth race were present in the best model using marginal BIC, owing to the relatively strong correlation between marital status at 0 months and a complete case indicator (Cram er's V = 0.32), it was retained as a covariate. These strategies were not used for the dissemination data owing to the modified demographic information asked of participants in the study. The multivariate imputation by chained equations algorithm 69 was used to impute missing data for BMI z-score values. Variables strongly correlated with incomplete data status (eg, adult marital status, adult use of government programs, youth race, state, parental education, adult BMI, and youth BMI z-score) were used as imputation variables to impute 100 data sets. The covariate-adjusted interaction model was fit to each of the imputed data sets, the results were pooled together, and the mean interaction effect estimate was calculated.
The researchers performed several secondary analyses to determine the impact of other factors besides group. A dose variable was created based on the number of sessions the youths attended. A full dose was determined to be a youth who attended 5 or 6 sessions, whereas a not-full dose was attending <4 sessions. To assess the effect of dose, in the covariateadjusted models, group was replaced with dose. In addition, bivariate summaries of the outcome for stayed healthy and maintainers, respectively were calculated using values at 0 months of the various characteristics.
RESULTS

Intervention Study Youth and Adult Descriptions at 0 Months
At 0 months, 228 dyads (control, n = 77; treatment, n = 151) completed assessments. Overall, youths (mean age, 9.35 years; SD, 0.67 years) were 55% female and 68% were white. Diversity was represented by 14% Hispanic and 12% black youths. Adult demographic characteristics are listed in Table 3 . Adult males, who made up 10% of the sample, were older than females (P = .05). Using the youth BMI z-score at all 4 assessment points to distinguish study completers from non-completers, adults were more likely not to complete the study if they were nonwhite (P = .02), were not married (P < .001), were overweight (P = .01), were less educated (P < .001), and used government assistance programs (P = .005). Dropouts were more likely to be in the control vs treatment group (P = .05). Attrition at 4 months was 20% as expected, but rather than the 30% expected at 12 and 24 months, it was 15% and 19%, respectively.
In Table 4 , youth and adult physical assessments at 0 months are shown. When significant differences by group (control and treatment) and sex (male and female) were noted, findings are shown. Based on measured heights and weights for youth, mean BMI z-score (0.62; SD, 1.14) was in the upper range of healthy, falling at the 75th percentile growth curve, 29 whereas 21% of youths were in the obese category. In female youths, a group difference was noted for the Tanner stage of maturation for breast development (Tanner female upper); treatment females were more likely to be in prepuberty than were controls (P = .03). 31, 32 Most youths (88%) had normal blood pressure. Based on selfreport, adult mean BMI was right at the obese level (29.72 kg/m 2 ; SD, 7.51 kg/m 2 ) and 41% were in the obese category. Most adults had normal or prehypertensive blood pressure levels; sex differences (P < .001) were noted. 72 Survey characteristics of youths and adults at 0 months are presented in Table 5 . Youth characteristics for quality of life, eating habits, physical activity, and evaluation of the iCook 4-H program and adult characteristics for quality of life, child feeding, eating habits, and program outcome evaluation are shown. Sex differences were observed, especially for dietary intake in youths. Females reported lower intakes (P ≤ .02) for kilocalories, macronutrients, and some dietary components, but were similar to males for dietary fiber, fruits, vegetables, dairy, legumes, and added sugar. Few group differences were noted; however, treatment vs control youth had higher cooking skills (P = .01). In addition, adult mean fruit and vegetable intake was 3.3 cup-equivalents/d (SD, 2.7) and there were no differences by group (P = .72) or sex (P = .53).
Intervention Study Results of Research Outcomes
Change in youth BMI z-scores in Intervention Study. Changes in research outcomes for youth during the Intervention Study over 24 months are compared in Table 6 . Hypotheses are shown in Table 1 . For hypothesis 1, after adjusting for confounders, youth race (ie, white or nonwhite), adults' marital status (ie, married or not married), and adults' use of government assistance programs at 0 months, there was a significant interaction between group and time (P = .02). The control group change in BMI z-scores of −0.055/y was nonsignificant (P = .15) but the observed change in the treatment group of 0.051/y was significant (P = .05). Over time, BMI z-scores for treatment youth significantly increased, whereas BMI z-scores for controls did not. However, the finding for the analysis of the interaction effect with imputed data (not shown in the table) was not significant; it yielded an estimated interaction effect of 0.01 (90% confidence interval, −0.02 to 0.03).
When the Tanner 31,32 upper stage for females was added as a confounder, there was a significant, weak interaction effect (d = 0.01; P = .03), 66−68 indicating that control females had significantly decreased BMI z-scores −0.11/y (P = .02) and no effect was seen for treatment females (P = .63). Based on logistic mixedmodel testing as to whether Tanner upper stage was related to the movement of females into the combined category of overweight and obese (overweight/obese), there was no significant interaction (P = .14), which indicated that treatment females were no more likely than control females to move into the overweight/obese category, and thus risk for becoming overweight or obese was the same for both groups that were assessed for Tanner upper stage.
Results for hypotheses 2 and 3 are presented in text only. For hypothesis 2, using unadjusted analysis, the odds did not differ (odds ratio [OR] = 0; P = .06) for control and treatment youths moving out of the healthy range. Similarly, for hypothesis 3, after adjusting for the confounders, the odds did not differ (OR = .42; P = .21) for control and treatment youths staying the same or improving in the BMI category. Overall, the findings were that the odds of youths being overweight or obese at 24 months did not differ by group.
Change in youth food intake in Intervention Study. Over the 24 months of the Intervention Study, dairy and legume intakes were the only changes in food intake for the youths. For hypothesis 4, based on the linear mixed-model hypothesis testing, there was a significant interaction between group and time (d = .02, very weak; P = .06). 66−68 Controls decreased dairy foods by −0.26 cup-equivalents/y (P = .001), whereas treatment youths maintained intake by changing only −0.08 cupequivalents/y (P = .19) ( Table 6 ). Based on logistic mixed-model hypothesis testing, there was a significant interaction between group and time for legume intake (P = .10) (OR = 0.96). Using the same 0.10 level of significance for post hoc contrasts as for interactions, there was no significant change for a given control youth (P = .53) whereas the odds of a given (29) 16 (80) a Data presented by youths and adult; group and sex differences are detailed when significances were observed. [29] [30] [31] [32] [33] 35, 36 Youth waist circumference reference data: males, 69.2 (1.09); females, 69.8 (9.7). 30 Tanner stage of maturation assessment was conducted in 3 of 5 iCook 4-H states 32, 33 ; b Group differences in Tanner stage for female breast development (Tanner upper) (P = .03), based on x 2 test of independence; c Adult sex differences in blood pressure risk category (P < .001), based on x 2 test of independence. treatment youth consuming at least some legumes decreased by a factor of 0.72/y (P = .05).
Intervention Study program outcome evaluations. Results of hypotheses 5 and 6 testing are presented next. For the Intervention Study, from 0 to 4 months, no between-group differences in program outcome evaluation were noted for control or treatment youths, nor were there significant interactions from 0 to 24 months. However, as shown in Table 7 , from 0 to 4 months, there was a significant interaction for adults cooking together; treatment adults significantly increased behavior for cooking together whereas control adults did not (x 2 [1] = 4.94; P = .03; d = .01, a weak effect). 66−68 Based on post hoc contrasts, control adults' change of −0.32 points over 4 months was not significant (z = −0.15; P = .89) whereas treatment adults' change of 0.89 points over 4 months was (z = 4.26; P = .001). However, these 4-month gains by treatment adults relative to controls were indistinguishable when analyzed using data across all 4 time points. That is, there was no significant group £ time interaction for adult program outcome evaluation change over 24 months (P = .46).
Fidelity of implementation in Intervention Study. For fidelity testing in the Intervention Study, in the 0-to 4-month time frame when the curriculum was implemented, 23% vs the planned 25% of 240 sessions were evaluated. Observers (n = 16) across the 5 states reported that session objectives were met 96% of the time. They observed that leaders were very effective or effective 94% of the time, youths were engaged 90% of the time, and adults were engaged 80% of the time. Actual vs planned session length (120 minutes) was a mean of 115 minutes (SD, 10 minutes).
As a measure of dose, of the 126 treatment youths who were − 10.5 (1.9) a n < 228 dyads indicates missing data; b P = .05, youth group differences; treatment vs control reported higher psychological quality of life, 39 based on Wilcoxon rank sum tests; c Adult gender differences, females vs males reported higher social (P = .002), work (P = .04), and psychological (P = .02) quality of life, 39 based on Wilcoxon rank sum tests; f Youth sex differences based on Wilcoxon rank sum tests; females vs males reported lower kcals (P = .006), protein (P = .008), carbohydrates (P = .04), saturated fat (P = .001), potatoes (P = .02), meat/fish/poultry (P = .003), and whole grains (P = .02) 37 ; g 23-item, Likert format; score range 23−115; cooking skills: 7 items, 5 = all the time to 1 = never, possible score 7−35; openness to new foods: 3 items, 5 = very willing to 1 = very unwilling, possible score 3−15; culinary self-efficacy: 3 items, 5 = strongly agree to 1 = strongly agree, possible score 3 −15; additional items retained in instrument owing to curriculum content. Eating together as a family: 2 items, 5 = all the time to 1 = never; possible score 2−10; physical activity: 3 items, 5 = all the time to 1 = never, possible score 3−15; goal setting: 2 items, 5 = all the time to 1 = never, possible score 2−10 57 ; h Youth treatment group had significantly higher cooking skills than controls (P = .01), based on 2 sample t tests; i 11-item Likert format, ranging from 5 = always to 1 = never, score range, 11−55; cooking together: 5 items, possible score 5−25; eating together: 3 items, possible score 5−15; physical activity: 3 items, possible score 5−15.
57 assessed at 4 months, 63 (50%) attended all 6 sessions and 108 (86%) completed at least 5 of the sessions. Over all 24 months, the rate at which the high-dose youth changed cooking skills was not significantly different from that of low-dose youth (P = .97).
Distinguishing Features of Successful iCook 4-H Youths in Intervention Study
Distinguishing features emerged for youths in the Intervention Study when the researchers explored characteristics at 0 months for treatment youths (n = 90) who completed 24-month assessments and could be termed successful in the iCook 4-H program based on either staying in the healthy BMI category, stayed healthy, or maintaining BMI z-scores within their initial or better growth curve, maintainers. Youth who stayed heathy had higher protein-dense intakes (P = .05) and their adult food preparer reported a lower mean number of days per month that they were physically unhealthy (P = .006) as well as unhealthy for any reason (P = .04); they also reported more restricting of high-fat and high-sugar foods (P = .02) and less pressuring their youths to eat (P = .001). Maintainers vs non-maintainers had more dairy-dense intake (P = .03) and reported more frequent snacking (P = .05).
Non-maintainers had higher BMI z-scores (P = .007) and waist circumference (P = .04); their adult meal preparer reported a higher mean number of unhealthy days per month (P < .001), a sign of lower quality of life, and eating less than they should because they lacked money for food (P = .02), a sign of food insecurity.
Dissemination Study Youths and Adult Description at 0 Months
For the Dissemination Study, at 0 months, 74 dyads (control = 39; treatment = 35) completed program outcome evaluations. Overall, youths (mean age, 9.6 years; SD, 0.78 years) were 96% female and 68% white. Adults had a mean age of 39 years (SD, 6.6 years) with a mean BMI of 26 (SD, 6); 77% were married, 70% had post−high school degrees, and 63% were employed. Of the 26% who were enrolled in government assistance programs, more were in the treatment than control group (P = .004).
Program outcome evaluations in Dissemination Study. For hypothesis 7, during the 0-to 4-month Dissemination Study, there were significant between-group changes in program outcome evaluation for both youths and adults (Table 7) . For youth cooking skills, there was a significant interaction between group and time (x 2 [1] = 4.67; P = .03). Treatment youths increased the mean score on cooking skills 2.5 points more than did control youths; per post hoc contrasts, control youths increased the mean score on cooking skills 1.7 points (z = 2.28; P = .02) and treatment youths increased the mean score 6.2 points (z = 5.09; P < .001).
For adults in the Dissemination Study, there were significant interactions between group and time for eating together (x 2 [1] = 3.01; P = .08) and cooking together (x 2 [1] = 3.01; P = .08). Over 4 months, treatment adults increased the mean score on eating together by 0.6 points more than did control adults; per post hoc contrasts, the score for controls did not increase significantly (z = 0.12; P = .91) but that for the treatment group increased 0.6 points (z = 2.55; P = .01). Similarly, for cooking together, the treatment group increased the mean score 0.7 points more than did controls; per post hoc contrasts, the score for controls did not increase (z = .09; P = .93) but that for treatment increased 0.77 points (z = 2.53; P = .01).
Fidelity of implementation in Dissemination Study. For fidelity testing during the Dissemination Study, observers reported that 91% of all planned objectives were met. They observed that leaders were very effective or effective 97% of the time, youths were engaged 88% of the time, and adults were engaged 91% of the time. Compared with planned (120-minute) session length, the actual length was 119 minutes. Table 6 . 
DISCUSSION
The iCook 4-H Study was a comprehensive project for 9-to 10-year-olds and their primary adult meal preparer to cook, eat, and play together for obesity prevention. The 6-year project included a 2-year longitudinal study and dissemination test of the program in the practice setting to deliver a family-based curriculum to the public domain, including pre-post outcome measures for youths and adults and a tool to evaluate the fidelity of implementation. The project was accomplished through a communitybased participatory research−Extension partnership across 5 states; from the beginning, the aim was to produce a program with the potential for sustainability.
Whereas the motivation behind iCook 4-H was obesity prevention, the foundational principle was to promote a healthful lifestyles intervention. Overweight youths were not screened out of this program targeted for rural, low-income families. In fact, 38% of those recruited were in the overweight or obese BMI categories. The percentage of youths over the 2 years did not change and was consistent with national prevalence. 14 It was interesting to track height and weight measures for these youths as they aged from 9−10 to 11−12 years over the 2-year Intervention Study. It was surprising to find that although the effect was weak, the BMI z-scores increased for the treatment but not the control group. Kilocalorie intake and physical activity levels, which were measured factors that could be associated with BMI, did not differ by group. This increase in BMI zscores may have been associated with growth variation. There is some support for that because, in girls, of those who were assessed for maturation, more in the treatment than control group were in prepuberty at study initiation. For both sexes in the control and treatment groups, there were no differences in the rate at which they moved toward an unhealthy BMI category. There was no indication that the intervention affected the obesity status of study youths. Findings across studies differed as to the impact of interventions on BMI. Researchers reported trends 73 or no effect 74 on BMI changes; others noted BMI reductions when components such as gardening were combined with cooking, as in LA Sprouts, 75 or when self-management techniques were included with physical activity and nutrition, as in Fit 4 Life.
76
Dietary changes identified after 24 months for the Intervention Study were minimal. However, the treatment youths maintained dairy intake whereas the controls decreased intake, which could have been because of the strong emphasis in the curriculum 21 on recipes (eg, for smoothies and parfaits) and meal planning around MyPlate. 50 Although there was a weak effect on mean intake, which was below the 3 cups recommended for healthful eating, 50 this was a positive finding for iCook 4-H and also for the treatment youths if they continue to maintain dairy in their diets, because of the potential beneficial effect on obesity risk. 77, 78 In contrast, it was surprising that legume intake was maintained for controls compared with treatment youths because iCook 4-H participants cooked with lentils. Intake of both groups was low, but adding legumes such as lentils to dietary choices would contribute to low-fat, vegetarian protein options.
Although iCook 4-H was an out-ofschool program, aspects differed from Note: P ≤ .10 for significant interactions. 64 more traditional programs 74,76,79−81 since it was not implemented where youths were already gathered for afterschool care and the dyad model has been rarely reported. 82 In addition, the research protocols were juxtaposed with community setting atmospheres. It is especially important to assess the fidelity of implementation when programs are implemented across multiple states, within community settings, and using the CBPR approach. Results from program observers for fidelity in both intervention and dissemination were positive about objectives being met, timing of sessions being consistent with planned time, and the effectiveness of leaders and engagement of participants, which provided support that programs were implemented as intended.
A qualitative impact evaluation conducted at the end of the 24-month Intervention Study is reported in this issue 83 to amplify the benefits of the Intervention Study for the treatment group. The researchers used ripple effects mapping (REM) 84 to assess program effectiveness by identifying participants' perceptions of the program's success for individuals, families, and the broader community. Of the 90 treatment dyads that completed 24-month quantitative measures, 35 (39%) participated in REM. They identified themes consistent with the iCook 4-H focus on cooking, eating, and playing together for healthful lifestyles, which included increased knowledge of new recipes, preparing one's own meals, looking at food labels, having more fun sharing (when eating) at the table, playing with peers and family leading to better health, and more involvement in the community through volunteerism and being role models. In addition to the REM evaluation, a qualitative assessment of the use of cameras given to youths to make athome videos has been completed (unpublished data, S.E. Colby, PhD, RD, 2018). Mixing, cutting, and measuring were the top 3 cooking techniques that youths demonstrated. The videos were also assessed for the typology of adult interactions with youths; they were identified as being supportive, negative, laid-back, or mixed in their approach while the youths were cooking.
Use of qualitative assessments such as REM and analyses of dyadproduced videos increased the perspective of the iCook 4-H program and dyad participants. When analyses were completed to identify characteristics of dyads based on whether youths stayed in the healthy BMI category or maintained their initial BMI category or better, interesting characteristics emerged. Compared with youths in the other BMI categories, over the 24 months, stayed healthy youths had higher protein density intake and adults had signs of higher quality of life. Although they restricted high-fat and high-sugar foods, adults pressured the youths to eat less compared with adult meal preparers for the other 3 BMI categories. Inconsistencies in findings about the relation of parents' reports of feeding practices and children's weight and study designs make direct comparisons difficult. However, in contrast to the current findings, Birch et al 47 reported that parents of heavier children used more restriction to food access and less pressure to eat. Faith et al 85 concurred that restriction of food was related to higher BMI z-scores, but these scores were lower for children who were pressured to eat. As in the current study, Hennessy et al 86 found that restriction was related to lower BMI z-scores, but acknowledged that because of the complex nature of the parent−child relationship, it was important to consider other factors such as parenting styles. In the current study, maintainers had more dairy-dense intakes and snacked more, compared with non-maintainers who had higher BMI z-scores and waist circumference, and whose adults reported signs of lower quality of life and food insecurity. Food insecurity of the Intervention Study dyads was previously studied. 87 The dyad model was important to the success of iCook 4-H to facilitate the collaborative nature of the project and the long-term commitment to the 2-year Intervention Study. When the researchers initially calculated the sample size, the 24-month sample size was expected to be 39% of the initial sample, but 55% of the sample completed the study. Nevertheless, although dyads were considered a unique strength of the program, their involvement might have contributed to the primary limitation of the study, which was that the sample size was less than one half the number planned. Although strong recruitment measures were in place and recruiters were diligent, no state team reached its intended sample size, which limited statistical power and generalizability. In the future, offering the iCook 4-H program where youths are already gathered for after-school care may help recruitment efforts.
Dissemination of the iCook 4-H program was tested in an off-shoot study with the Health Science Technology Academy in West Virginia, a program for high school students to participate in researching areas of science, technology, engineering, and mathematics. 88 Serving as teen teachers with mentoring from their own schoolteachers, high school students led the iCook 4-H program with 24 dyads. 89 There were minimal quantitative changes, but they received positive responses from youths who reported learning about healthy eating, food safety, and the benefits of being physically active. Adults commented on the importance of quality time with their children and the cooking skills their children gained. Based on results, there appears to be flexibility in disseminating the iCook 4-H program and perhaps program sustainability fit for individualized community needs.
IMPLICATIONS FOR RESEARCH AND PRACTICE
The most challenging results to explain might be the lack of significant findings for the program outcome evaluations for the intervention compared with the dissemination. Whereas no changes were seen between control and treatment youths at 4 months or over the 24-month Intervention Study, in the Dissemination Study, the rate of change observed for treatment youths was significantly different from that of the control group for cooking skills.
Similarly, when comparing adults between 0 and 4 months when the iCook 4-H curriculum was implemented for both the intervention and dissemination, treatment adults in both studies reported changed behavior for cooking together. However, that rate of change was not sustained over the 24-month Intervention Study, which resulted in no difference between the control and treatment groups at 24 mouths. For treatment adults in the dissemination, reported eating together also increased. It is not known what the findings would have been for the Dissemination Study with a 24-month assessment. The positive results seen in the current study may have been due to expanding the number of sessions from 6 to 8, in addition to the CPBR and iterative processes used to perfect both the curriculum and training of leaders that occurred between the Intervention and Dissemination studies.
The environment established during the dissemination might have had a positive influence because there was a lack of researcher involvement or oversight, and shorter assessments with program evaluations, not a battery of research measurements, were conducted. Finding a program effect for both youths and adults during the Dissemination Study was important because it gave credence that Extension staff and other community leaders could implement iCook 4-H in public health settings.
A longer and more intense program may be needed to realize strong and sustainable nutrition and physical activity 90 lifestyle changes in youths and their adult primary meal preparer to assuage obesity rates. More study is needed to investigate the relation between increased cooking skills and BMI in youth. The iCook team prepared the iCook 4-H curriculum for widespread distribution 21 and a true scaled-up Dissemination Study might be conducted. To facilitate communicating program results to stakeholders, community members, and policy makers, an infographic was developed and tested during the iCook 4-H Study that may be useful to monitor program sustainability. 91 The Evidence-Based Forecast Capture, Assemble, Sustain, Timelessness framework 91 provides program information and other data in an electronically generated, community-specific infographic to illustrate program need and community impact.
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